A straight forward and reliable method was developed to tether recognition functions to a side chain in position 3 of pyrroles via triazole linkage. The products are precursors for functionalized polypyrroles, e. g. for coating magnetic nanoparticles or selective electrodes. A pyrrole with an azido function located at the terminus of a side chain in position 3 was submitted to coppercatalyzed Meldal-Sharpless click reaction with alkynes bearing biotin, nitrilotriacetic acid or a RGD-containing cyclopentapeptide. The latter presents a very versatile building block for the introduction of the RGD-moiety in a variety of potential substrates.
Introduction
Polypyrrole (PPy) is a conducting polymer, 1 which has found wide applications, such as in membranes 2 and in coating of electrodes [3] [4] [5] or of nanoparticles. [6] [7] [8] [9] [10] [11] [12] Amongst nanoparticles magnetic nanoparticles have attracted wide interest in nanotechnology and nanomedicine. 13, 14 The scope of polypyrroles can be considerably extended when functions, such as reactive groups, biological recognition functions, ligands for metal complexation, or catalytic units are introduced. 15, 16 As attachment points positions 1 and 3 of the pyrrole ring are preferred, because oxidative polymerizations of pyrroles to PPy run preferably via positions 2 and 5. In most cases, the functions are not directly attached to the pyrrole ring but are connected via linkers. This provides more freedom to the attached functions 17 and the effect of the substituents on the electron density in the pyrrole ring can be controlled by the type of linker. From the practical point of view it is advisable to introduce the function at a late stage of the synthetic sequence, i. e. to obtain a precursor which can accept the respective function in the last step. Following this strategy, we recently developed pyrroles with azido or propargyl groups linked to position 1 of 
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In order to obtain a suitable RGD-containing alkyne we designed a cyclo[Arg-Gly-Asp-DPhe-Glu] wherein the properties of the RGD-sequence are not likely to be affected by the alkyne functionalization. Cyclic RGD-containing pentapeptides were applied as selective antagonists for the v3 integrin receptor and have found wide applications. 27 For covalent linking of such cyclopeptides, modified or unmodified -amino lysine side chains were often used. [28] [29] [30] [31] [32] Recently Cu-catalyzed click reaction was performed at such a RGD-containing cyclopeptide wherein prior the lysine amino group was transferred into an azido group. 30 In another way the lysine amino group was acylated by propiolic acid and used to introduce an RGD-cyclopeptide into xylose by click chemistry. 32 Here, we chose the side chain of a glutamate in a cyclo[Arg-Gly-Asp-D-PheGlu] peptide as attachment point for an alkyne moiety (Scheme 3). The synthesis of the respective propargylamide 2d started with Fmoc-protected glycine-loaded chlorotrityl resin 6. The pentapeptide 7 was built up by solid phase peptide synthesis wherein Pbf-protected Arg was used in the first and N-propargylated Glu in the second coupling step. The pentapeptide 7 was obtained in 77 % after chromatographic purification. Macrolactamization was implemented by benzotriazol-1-yl-oxytripyrrolidinophosphonium hexafluorophosphate (PyBOP) activation providing high yield (93 %) of the cyclopentapeptide 8 which was treated with trifluoroacetic acid (TFA) giving rise to the deprotected product 2d. This cyclopentapeptide 2d was obtained in scales of hundred of mg. It represents a novel very versatile RGD-derivative which is an excellent candidate for Cu-catalyzed Meldal-Sharpless click reactions with a variety of azidofunctionalized substrates.
all products 3 were obtained in excellent yields (> 95%) (Scheme 1, Table 1 ). They were characterized by spectroscopic methods and are presently investigated in our laboratories for further application in the preparation of functionalized core-shell nanoparticles.
As a proof of principle for application of the triazolyl-substituted pyrroles 3 as components for the synthesis of functionalized polypyrroles, we submitted the biotin derivative 3a to oxidative copolymerization (ammonium persulfate as oxidizing reagent) with unsubstituted pyrrole in the presence of magnetite nanoparticles 9 stabilized by a double layer of lauric acid (Scheme 4). The resulting polypyrrole-magnetite core shell nanoparticles 10 can easily isolated by magnetic separation with an external magnet and decantation leaving back polypyrrole which is not linked to the nanoparticles in the mother liquor. The incorporation of biotin moieties in the magnetic polypyrrole-magnetite core shell nanoparticles 10 is proved by the appearance of typical bands in the FTIR-spectrum (Figure 1 ). For comparison the FTIR-spectrum of the precursor magnetite nanoparticles 9 covered by a double layer of lauric acid is shown too (Fig.  1) . The bands located at 616 cm -1 found in both spectra is specific for Fe-O bond in magnetite. The spectrum of 10 shows a band at 1642 cm -1 typical for the carbonyl group of the ureido moiety of biotin. A very broad intensive band situated at 3233 cm -1 can be assigned to NH stretching vibrations of the NH groups of biotin and to the CH stretching bands of the pyrrole rings. The adsorption band situated at 1547 cm -1 is ascribed to the collective vibration mode of intra-ring and inter-ring C=C/C-C of polypyrrole chains. At 1433 cm -1 appears the adsorption band specific for C-N bonds. Scheme 4. Synthesis of biotin-functionalized polypyrrole-magnetite core-shell nanoparticles 10.
In summary, novel pyrroles were developed which contain interesting applicatory functions (biotin, nitrilotriacetic acid, RGD-containing cyclopentapeptide) tethered to a substituent in position 3 via 1,2,3-triazole linkage. These pyrroles represent promising precursor for functionalized polypyrroles useful for magnetic core-shell nanoparticles or as electrode coatings. The pyrroles were obtained in a straight forward way by Cu-catalyzed Meldal-Sharpless click reaction of a pyrrole with an azido group tethered to position 3 via a linker and alkyne moieties equipped with the respective functions. Amongst the latter the alkyne -containing RGDcyclopentapeptide represents a versatile building block for potential tethering the RGD-sequence to various targets. The biotin-triazole-pyrrole conjugate was applied in the preparation of new magnetic polypyrrole-magnetite core-shell nanoparticles equipped with biotin as recognition function for avidin or streptavidin.
Experimental Section
General. Chemicals were purchased from Aldrich and Acros. Silica gel 60 (0.04-0.063 mm, Acros) was used for preparative column chromatography. Melting points were determined on a Boetius hotstage apparatus and were uncorrected. 1 H NMR and 13 C NMR spectra were recorded at 500 or 300 and 125 or 75 MHz, respectively, on a Bruker AV-500 or Bruker AV-300 with TMS as an internal standard. High resolution mass spectra (ESI) were measured with a Thermo Finnigan LTQ-FT-ICR-MS with MeOH as a solvent. FTIR spectra were measured with a Jasco FT/IR-4200-Spectrometer.
1,2,3-Triazoles 3. General procedure. A solution of azidopyrrole 1
33 (200 mol) and the alkyne 2 (200 mol) in CH2Cl2 (10 ml) was degassed by argon. Cu(CH3CN)4PF6 (15 mg, 40.mol) and N-ethyldiisopropylamine (DIPEA) (7 µl, 40.mol) were added and the mixture was stirred at rt until the reaction went to completion (TLC, about 4-5 h). Cuprisorb TM was added and stirring was continued for 60 min. After filtration the filtrate was concentrated under vacuum by a rotary evaporator leaving behind the product. 
4-[(2-[2-(2-[2-(Biotinylamino)ethoxy]ethoxy)ethoxy]ethoxy)methyl]-1-[(2-[2-(2-[4-(1H-pyrrol-3-yl)-butanoylamino]ethoxy)ethoxy]ethoxy)ethyl]-1H-1,2,3-triazole (3a)
.
cyclo-(L-Argininyl-glycinyl-L-aspartyl-D-phenylalaninyl-Nγ-[([1-(2-[2-(2-[4-(1H-pyrrol-3-yl)-butanoylamino]ethoxy)ethoxy]ethoxy)ethyl]-1H-1,2,3-triazol-4-yl)methylamino]-Lglutamic acid) (3d

